Fifty patients with precordial pain were evaluated by 24 hour ambulatory ECG monitoring during normal everyday activities, and by coronary arteriography. The monitoring was regarded as positive if deviation of the ST segment of 1 mm or more from the resting pattern was observed, or if major T wave inversion occurred. Comparison of the results of the two tests showed a good correlation. Among the 32 patients with positive abnormalities on ECG monitoring, 28 had severe coronary disease (> 60% obstruction). Among the 18 patients with negative monitoring, only three had severe coronary disease. All seven patients with major T inversion had significant coronary obstruction. The type of chest pain and the resting ECG were less indicative of coronary pathology.
SUMMARY
Fifty patients with precordial pain were evaluated by 24 hour ambulatory ECG monitoring during normal everyday activities, and by coronary arteriography. The monitoring was regarded as positive if deviation of the ST segment of 1 mm or more from the resting pattern was observed, or if major T wave inversion occurred. Comparison of the results of the two tests showed a good correlation. Among the 32 patients with positive abnormalities on ECG monitoring, 28 had severe coronary disease (> 60% obstruction). Among the 18 patients with negative monitoring, only three had severe coronary disease. All seven patients with major T inversion had significant coronary obstruction. The type of chest pain and the resting ECG were less indicative of coronary pathology.
The good correlation demonstrated between the ambulatory ECG monitoring and coronary arteriograms validates the monitoring as a reliable tool for uncovering latent ischemic heart disease (IHD) and for evaluation of patients with established IHD. I SCHEMIC HEART DISEASE (IHD) can be manifested electrocardiographically by Q wave or ST-T wave abnormalities at rest, or by ST-T wave changes following various exercise tests. Continuous ambulatory ECG monitoring of active subjects has been recently introduced as a method for evaluation and early detection of patients with IHD.' It has been shown that transient ST-T wave abnormalities can frequently be detected by this method in patients with either normal or abnormal resting ECG.2"6 These dynamic ST-T wave changes occurred during normal daily activities and also during night sleep.7 The results obtained by ambulatory ECG monitoring and bicycle ergometry showed very good correlation. 8 The purpose of this study was to compare the results of ambulatory ECG monitoring and coronary arteriography in a group of 50 patients. The series included patients who were either suspected or known to suffer from IHD. An attempt was made to correlate the results of monitoring with the type of chest pain, the resting ECG, and with the localization of the pathology found in the coronary arteriogram.
Patients and Method
Thirty-two male and 18 female patients, referred because of severe chest pain, typical or atypical of angina pectoris, were studied. Their ages ranged from 33-70 years, with a mean of 53. Twenty-eight had a normal resting ECG, including one patient with right bundle branch block; 14 had signs of old myocardial infarction; and eight, ST-T wave abnormalities.
Ambulatory ECG monitoring was performed by portable tape recorders during 24 hours of normal everyday activities. Each patient was instructed to keep a meticulous diary of both activities and any symptoms. The tape recorders used were the new Avionics models with improved low frequency response (Models 350 E and 400). The mode of operating the system, including the positioning of electrodes and technique of interpretation, have been described previously.', 3 The results were regarded as positive if STsegment depression, horizontal or downsloping, of at least 1 mm from the resting level and of at least 80 msec duration was observed, or if major T wave inversion developed. For the purpose of this study, the monitoring was not regarded as positive if only transient rhythm disturbances were detected. Coronary arteriography was performed within four weeks of the monitoring by the Judkins cineangiographic technique. Multiple angles were used for visualization of both the right and left arteries. The arteriogram was classified as negative, as moderately abnormal if narrowing of 30-60% in one or more coronary vessels was observed, or as pathological if narrowing of more than 60% was demonstrated. Left ventricular function was evaluated angiographically from a right anterior oblique view of 450 of the left ventricular injection. It was classified as normal (+++), reduced (++) or poor (+) . Results
The age, sex, symptoms, findings on resting ECG, on ambulatory ECG monitoring, and on coronary 1045 STERN, TZIVONI, STERN arteriogram in the 50 patients studied are presented in tables 1 and 2.
Results Related to the Resting ECG Normal Resting ECG In 12 of 28 patients, the ECG did not change throughout the monitoring period (table 3). In nine of them the coronary arteriogram was normal, and in one it was moderately abnormal. Of the 16 patients with changes on ECG monitoring, 13 had severe coronary obstruction, one had moderate pathology, and two had negative coronary arteriograms (these last two patients were both females, with prolapsing posterior leaflet syndrome). Other details are presented in table 3 . Illustrative tracings of a patient with normal resting ECG, ST-T wave changes during the monitoring period, and severe pathology on coronary arteriography, are given in figure 1 .
Pathological Resting ECG Sixteen of 22 patients with an abnormal ECG had dynamic changes in the ST-T wave during the monitoring period (table 4); 15 of them were found to have severely obstructed coronary arteries. Six patients who had a pathological resting ECG did not exhibit any further changes in the ST-T wave during the monitoring period; five of them had negative coronary arteriograms, and five atypical chest pain. Table  4 presents the complete analysis. Table 5 displays the sensitivity and specificity of ECG monitoring in patients with normal or pathological resting ECG.
Results Related to the 24-hour ECG Monitoring
Negative Monitoring Fourteen of the 18 patients with negative results on ECG monitoring were found to have no coronary obstruction. One of the remaining patients had only moderate obstruction. The other three had severe obstruction. Eight of this group had typical angina pectoris, ten had atypical. Left ventriculograms demonstrated normal ventricular function in 17.
Positive Monitoring
Twenty-eight of 32 patients with positive abnormal findings on ECG monitoring were found to have pathological coronary vessels and one further patient in the group had moderate obstruction. Left ventriculograms in these 32 patients revealed normal ventricular function in 16, reduced function in nine, and poor function in seven patients.
Discussion
In the last decade ambulatory ECG monitoring has been used mainly for the detection of transient arrhythmias or heart block.9-12 Only recently has it become apparent that this method could be used for detection of dynamic changes in the ST-T wave in patients with silent ischemic heart disease.1'6 The Abbreviations: Pos = positive monitoring; Neg = negative monitoring; Atyp = atypical; Typ = typical. Circulation, Volume 52, December 1975 good correlation found in this study between the results of ambulatory ECG monitoring and the findings on coronary arteriography validates the ambulatory monitoring as a tool in the diagnosis and evaluation of patients with ischemic heart disease. In only seven out of the 50 patients investigated, did the results of the two tests not correlate well. Dynamic ST-T wave changes on monitoring were accompanied in 28 out of 32 patients by severe and in one patient by moderate pathology (91% sensitivity), and in only three patients were negative coronary arteriograms found (9% false positives). Two of the three patients with false positive results had prolapsing posterior leaflet syndrome, a condition which is characterized by chest pain and ST-T wave changes but usually normal coronary arteries.'3 Moreover, all three patients were females whose bicycle ergometry exercise test was also positive. There are indications in recent studies that ST-T wave alterations in female patients may have less significance than in males.'4.16 Bartel and coworkers'7 found a false positive treadmill exercise test in 8% of their patients; 55% of them, but only 25% of the entire group, were females. Kelemen and coworkers found 60% false positive results using ST-T criteria during right atrial pacing.'8 Ascoop and coworkers'9 found a low sensitivity (33%) using a submaximal exercise test, which was improved by exercise vector cardiograms. It seems therefore that dynamic ST-T wave changes detected by monitoring are highly suggestive of severe coronary artery disease, even if the resting ECG is normal. The resting ECG was generally a poor indicator of the presence of ischemic heart disease. Of the 28 patients with a normal resting record, severe pathology was subsequently demonstrated on coronary arteriography in 15, and moderate pathology in two patients. The sensitivity of the monitoring was at least as good as that of the strenuous exercise test, and it is important to emphasize that these ST-T wave alterations appeared when the patients were experiencing only routine daily activity and stresses, and not unusual unaccustomed exertions. Absence of dynamic ST-T changes throughout the monitoring period was accompanied by a normal coronary arteriogram in 14 out of the 18 patients (78% specificity), while in one patient moderate and in three patients marked pathology was found (22% false negatives). A possible explanation for the lack of ST-T wave changes during the monitoring period in two of these three patients may be the fact that they were severely incapacitated and their daily routine did not involve any physical activity.
Bartel and coworkers'7 found 35% false negative results of a graded treadmill exercise test in a group of patients also tested by coronary arteriography. An even higher percentage (46%) of false negative results was observed by Kelemen and coworkers18 using a graded maximal exercise test, if the criterion of a positive test was ST-segment depression of 1 mm or more. The same author found 27% false negative results using the same criteria for atrial pacing.
The appearance of major T wave inversion in seven of our patients deserves special comment, since in all of them coronary arteriography demonstrated significant obstruction. This type of abnormality appearing on exercise testing is not universally considered as definite evidence of ischemic heart disease.20 The appearance of major T wave inversion on monitoring under ambulatory condition may possibly carry more significance than that occurring on exercise testing.
An attempt was made in this study to predict the location of the coronary obstruction according to the findings on monitoring; no correlation could be detected between the site of coronary pathology and the presence, absence, or severity of the ST-T wave changes. Kaplan and coworkers came to a similar conclusion about the inability to predict the location of coronary artery disease by a treadmill exercise test.2' It should also be stressed that although monitoring uses only a V,-like lead, it detected ST-T wave changes not only in patients who had obstruction in the area of the left anterior descending artery, but also in those who had isolated pathology in the right and left circumflex arteries.
We conclude that 24-hour ambulatory ECG monitoring is a useful tool in evaluation and early recog- .E nition of ischemic heart disease. If dynamic ST-T wave changes are documented by this method, the presence of coronary artery disease can be established with a high degree of certainty. In addition, further relevant information as to the presence or absence of transient ST elevation, arrhythmias, and conduction disturbances, can also be obtained; all of this is possible without exposing the patient to a level of exercise that might overtax his cardiovascular system.
